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 اﻟﻤﺴﺘﺨﻠﺺ
 
 
ﻣﺤﻄﺔ اﻟﺪآﺘﻮر ﻣﺤﻤﻮد داء ﻣﻜﺜﻒ اﻟﺒﺨﺎر ﻓﻲ أﻠﺘﺤﻘﻖ ﻣﻦ اﻟﻤﺸﺎآﻞ اﻟﺘﻲ ﺗﺆﺛﺮ ﻋﻠﻰ ﺗﻬﺪف هﺬﻩ اﻟﺪراﺳﺔ ﻟ  
ﺑﺎﺳﺘﺨﺪام ﻃﺎﻗﺔ اﻟﺒﺨﺎر ﺗﻮﻟﻴﺪ اﻟﻜﻬﺮﺑﺎء ﻓﻲ اﻟﺴﻮدان  ﻋﻠﻰاآﺒﺮ اﻟﻤﺤﻄﺎت اﻟﺘﻲ ﺗﻌﻤﻞ  اﻟﺘﻲ ﺗﻌﺪ ﻣﻦ ﺷﺮﻳﻒ
   : اﻻﺗﻲ اﺗﺒﺎع اﻟﻤﻨﻬﺞ ﻟﺘﺤﻘﻴﻖ هﺬﻩ اﻻهﺪاف ﻓﺎﻧﻪ ﻗﺪ ﺗﻢو .ووﺿﻊ اﻟﺤﻠﻮل اﻟﻤﻨﺎﺳﺒﺔ ﻟﻬﺬﻩ اﻟﻤﺸﺎآﻞ
  ﻣﻜﺜﻒ اﻟﺒﺨﺎر ﻣﻌﺎدﻻت ﺗﺼﻤﻴﻢ اﻟﺘﻲ ﺗﺘﺤﻜﻢ ﻓﻲ تﺎﻣﻼﻤﻌاﻟاﻟﻘﻴﻢ اﻻﺳﺎﺳﻴﺔ ﻟﻤﺨﺘﻠﻒ  ﺗﺤﺪﻳﺪ •
  ﻣﺨﻄﻄﺎت اﻷداء اﻟﺘﻲ ﺗﻮﺿﺢ اﻟﻌﻼﻗﺔ ﺑﻴﻦ اﻟﻘﻴﻢ اﻟﻤﺬآﻮرة  اﻟﺘﻌﺮف ﻋﻠﻰ •
  ﺗﺤﺪﻳﺪ اﻟﻌﻮاﻣﻞ اﻟﺘﻲ ﺗﺆدي اﻟﻲ اﻧﺤﺮاف اﻟﻘﻴﻢ ﻓﻲ ﻣﺨﻄﻄﺎت اﻷداء ﻋﻦ اﻟﻘﻴﻢ اﻻﺳﺎﺳﻴﺔ •
  اﻟﺘﻲ ﺗﻘﻠﻞ ﻣﻦ ﺗﺎﺛﻴﺮ ﻋﻮاﻣﻞ اﻻﻧﺤﺮاف  ﺳﺒﺔﻤﻨﺎﻟاﻃﺮح اﻟﺤﻠﻮل  •
  :    وﻗﺪ ﺧﻠﺼﺖ اﻟﺪراﺳﺔ اﻟﻰ
 ﺿﺮورة ﺗﺤﺪﻳﺚ اﻧﻈﻤﺔ اﻟﻤﺮاﻗﺒﺔ اﻟﻤﺴﺘﺨﺪﻣﺔ ﻓﻲ ﺗﻘﻴﻴﻢ اداء ﻣﻜﺜﻒ اﻟﺒﺨﺎر •
 ﺣﻮﺟﺔ اﻟﻤﺤﻄﺔ اﻟﻰ ﺗﺮآﻴﺐ ﺟﻬﺎز ﺣﻤﺎﻳﺔ ﻣﻦ اﻟﺘﺄآﻞ ﻓﻲ ﻣﻨﻄﻘﺔ ﻣﻜﺜﻒ اﻟﺒﺨﺎر •
            ﻧﻈﺎﻓﺔ اﻟﺘﺮﺳﺒﺎت ﻓﻲ اﻧﺎﺑﻴﺐ ﻣﻴﺎة اﻟﺘﺒﺮﻳﺪﺣﻮﺟﺔ اﻟﻤﺤﻄﺔ اﻟﻰ ﺗﺮآﻴﺐ ﻧﻈﺎم  •
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Abstract 
 
The objective of this study is to investigate the problems affecting condenser 
performance in Dr Sherief power station and to suggest a suitable solution for the 
investigated problems. 
To achieve the objective of the study the following procedure was applied: 
• The design values of all parameters controlling condenser performance 
equations were determined. 
• Condenser performance charts were identified  
• Deviations of the actual values from the design, and the reasons of 
deviation were determined  
• Suitable solutions for problems affecting condenser performance were 
suggested    
The research concluded that: 
• Condenser performance monitoring and diagnostic system needs to be 
updated. 
• Install of a cathodic protection device is necessary to prevent condenser 
tube and tubesheet corrosion. 
•  Install of a backwash system for the condenser is important to prevent 
condenser tube fouling.   
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Nomenclature 
 
 
  Q         = Condenser heat load   
  A         = Condenser tube heat transfer surface area  
 LMTD   = Log mean temperature difference 
 dU        = Design heat transfer coefficient 
 rU       = Reference heat transfer coefficient 
      dv        = Design CW flow velocity, m/s  
      mF      = Tube material factor  
      1θ        = CW inlet temperature  
      F1       = Variation from design CW inlet temperature initial factor  
      F2       = Variation from design CW flow initial factor      
      F3       = Variation from design steam flow initial factor  
      R        = Thermal resistance   
      q         = Cooling water mass flow rate  
      pc      = Specific heat of cooling water   
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Chapter 1 
Introduction 
 
Many of the systems in our modern world depend on a reliable and 
relatively inexpensive energy source. Electricity is the most popular form of 
energy, since it can be transported to remote load locations, for optimum 
utilization of resources. In fact, inexpensive and reliable electricity is critical to 
the sustained economic growth and security of the world. 
The efficient use and production of electricity and effective conservation 
measures are paramount in ensuring low-cost energy. The source of this 
electricity and the means for its production are the power plants that provide this 
critical energy source. The power plant is a facility that transforms various types 
of energy into electricity. The energy input to the power plant can vary 
significantly, and the plant design to accommodate this energy is drastically 
different for each energy source. The most applied forms of this input energy in 
Sudan can be as follows: 
• Hydroelectric power plants. 
• Fossil fuel fired power plants. 
Now a day 2300 MW of electricity is produced in Sudan, according to the 
national electricity corporation NEC. Approximately 50 percent of this energy 
produced from power plants that use fossil fuel energy source, with the remaining 
50 percent produced primarily by hydroelectric power plants. About 20 percent 
of Sudan thermal power plants is steam generation, produced in Dr. Sherief steam 
power plant, the plant under investigation.  
Each power plant has many interacting systems, and in a steam power plant 
these include fuel and ash handling, handling of combustion air and the products 
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of combustion, feed water and condensate, steam, environmental control systems, 
and the control systems that are necessary for a safe, reliable, and efficiently run 
power plant. 
The cycle used in steam power plant is the Rankine cycle; it is the most 
widely used cycle for electric power generation. The conversion of water to 
steam is the predominant technology, it is a closed cycle, to enable the working 
fluid (water) to be used repeatedly, the final pressure at which heat is rejected to 
be well below atmospheric, and the sensible heat in the condensate to be 
conserved.  
The thermal efficiencies of this cycle suffer from irreversibility caused by 
the temperature differences between the primary heat source and the working 
fluid, and temperature differences between condensing working fluid and the heat 
sink fluid. The cycle is modified to include superheating, regenerative feed water 
heating and, reheating by exchanging heat between the expanding fluid in the 
turbine and the compressed fluid before heat addition.  
The largest single factor that can affect turbine cycle efficiency within 
steam generation station is the heat transfer of the condenser. Depending on 
turbine design, poor condenser performance can cost as much as 7% in extra fuel 
being consumed [2]. Thus, maintaining condenser performance can be of benefit 
not only economically to the plant but also to the environment. This research 
pays a comprehensive look at the problems affecting condenser performance in 
Dr. Sherief power station and the corrective actions that would be taken to 
improve the condenser performance. 
The condenser used in Dr. Sherief power station is a surface condenser. It 
is a specially designed heat exchanger of the shell and tube type.  
The main factors affecting condenser performance are air leakage, water 
leakage, backpressure corresponding to saturated steam temperature, temperature 
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rise and terminal temperature difference. The effect of these parameters on the 
condenser performance were studied and recommendations were set to improve 
the performance.  
The auxiliary systems, air ejectors, taprogg system, several types of fouling 
and corrosion that lead to tube damage and air ingress were also investigated. 
Factors such as tube-sheet macro fouling, tube fouling deposits and silting, and 
how Fouling build in the condenser tubes had over time made the deposits harder 
and increasingly more difficult to remove and a gradual reduction in heat transfer 
which diminished condenser performance and demonstrated that cleaning 
standards need to be improved 
The methods of checking condenser performance and the solution of tubing 
processes, and how to repair and protect the damage on condenser tubes were 
investigated. A view of how technological progress has now made it possible to 
device electrical power systems so flexible and controllable. And how the 
systems tend to be energy efficient with increase in life span of main equipment 
and the associated auxiliary equipments (like switches, valves , electronic and 
monitoring devices) since it is now possible to avoid the increase in backpressure 
or air and water ingress on the systems. This means a lot for the total production 
process since the availability is improved, and plant maintenance is minimal.  
 
The objectives of the research are: 
I - Investigate the problems affecting condenser performance of Dr Sherief 
power station   
         Π - Suggest the suitable solutions for the investigated problems  
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Chapter 2 
Plant general description 
 
2-1 Plant general description:  
Dr Sherief Power Station is located east to Khartoum North industrial area. 
The main features of this location are:  
• Near to power consuming areas. 
• Closeness to roads and railways. 
• Closeness to distribution and transmission stations.  
• Near to water source (Blue Nile). 
The station was built to:  
• Compensate the shortage of hydropower generation during flood seasons.  
• Increase generated power to the national grid 
        • Improve the national grid operation efficiency 
        • Face the extension of agricultural, industrial and housing schemes. 
 2-2 Generation sections:  
The generation is depending on two phases of steam regenerative cycle.    
Phase (1): Comprises 2x30 MW steam turbines, erected in 1981.The Consultant 
was (EW banks) and the Main contractor was (NEI). The total cost of phase 1 
was 49.33 million sterling pounds plus 14.2million Sudanese pounds. The formal 
opening of this phase took place on 3rd. Dec 1985.The Station represented 20% 
of the total generated power to the national grid at that time. Phase (2): 
Comprises 2x60 MW steam turbines, erection started in 1988.with a Loan from 
World Bank, African Development Bank, Japanese and French governments. 
Consultant was (EW banks). The total cost of phase 2 was 106 million Dollars 
plus 160 million Sudanese pounds. 
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2-3 Station cycles and systems:  
     Station steam plants are a combination of complex engineering systems and 
cycles that work to produce electricity in the most efficient manner that is 
economically feasible, the major systems of the plant can be identified as follows. 
2-3-1 Fuel oil system: 
With reference to figure (2-1).The fuel handling system receives furnace from 
railways and land trucks in two lines each of ten deloading hoses, by means of six 
unloading pumps with the following specifications. Two pumps work in (4bar-
100 m³/hr) and four pumps work in (3 bar-25 m³/hr).Pumps are delivering to four 
storage tanks A-B-C&D. The unloading lines are provided with auxiliary steam 
lines for heating and exceeding the fluidity of high wax ratio furnace. The tanks 
are cylindrical with 40 m Diameter and 15 m height equipped with two steam 
heaters. Fuel exit tanks by means of  three screw forwarding pumps to burner 
nozzles at 40 ºC and 20 bar, then pass through four heaters to the accumulator 
and flow down through fuel oil control valve (FOCV) to the boilers. 
             
Electrical 
heater 
Electrical 
heater 
Electrical 
heater 
Electrical 
heater 
Fowarding Pumps Phase 
I 
Fowarding Pumps Phase 
II 
 
Steam pipes 
 
Fuel-oil pipes 
Unloading Area 
B A C D 
 
                                                   Figure (2-1) 
                                                 Fuel oil system 
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2-3-2 Air and Exhaust system:    
With reference to figure (2-2).Air is compressed by forced drought fans 
(FDF) to boilers through dampers, every unit is equipped with a fan. Air quantity 
is controlled with multi speed motor. Compressed air is passed to steam coil air 
preheater and rotary air heater, and heated to a temperature of 300 ºC. Air then 
passes to wind box for distributing to burners with pressure of 60 bars, after air is 
burned the flue gases pass through primary and secondary superheater and 
economizer. Flue gases temperature is 151ºC, and the air fuel ratio is 17:1. 
 
 
 
 
 
 
 
 
 
 
                                                    Figure (2-2) 
                                           Air and exhaust system 
 
2-3-3 Water transmission & Treatment: 
Water transmission and treatment is a system that consist of three sections  
2-3-3-1 River station:  
The Station is located at the Blue Nile east bank; it supplies the plant with 
all water for steam generation and cooling cycles by means of four flexible 
foundation pumps.  
 
Air heater
Sealing  
air fan 
FD Fan 
Chimney 
BOILE
Sec air 
Primer  
Air heater 
bypass Safety squire  
Air preheater 
gas inlet 
isolating 
dampers
Air preheater 
gas by-pass 
isolating
Air pre-
heater air 
by-pass 
regulating 
damper
Secondary air 
isolating damper 
Variable 
inlet guide 
Vanes 
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2-3-3-2 Clarifying station:  
The Clarifying station is represented in figure (2-3). Water is clarified by 
adding Poly Electrolyte and Calcium hypo chlorite to the Pre settlement Tank, 
and aluminium Sulphate to three Clarifier Tanks from which water is pumped to 
four Storage Tanks.  
            
                                                          Figure (2-3) 
                                                      Clarifying station 
 
2-3-3-3 Demineralization Station: 
The demineralization station is represented in figure (2-4). A part of Water 
directly supplies cooling towers, and the remaining part supplies two storage 
tanks for demineralization, the station supplies water in two trains each of:  
1-gravel filter, 
2- Cationic units where water is added to 42SOH in two acid resins 
3-degassing tower to remove dissolved 2CO           
4-Anionc units with two base resin using soda  
5-mixed bed exchanger to remove the last base and acids 
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                                                           Figure (2-4)   
                                                Demineralization Station 
 
2-4 Lubrication oil system: 
     To supply turbine and generator bearing with lubricating oil, the cycle is 
represented in figure (2-5) and its main component are:  
                 
To control 
system
Turbine Generator Exciter
Oil
coolers
Oil Fi lters
AC auxiliary 
Oil pump
DC Emergency 
Oil pump
AC Turning 
gear Oi l pump
Oil
Purifier
To 
atmosphere
Vapor 
extractor
Main oil
pump
Jacking 
oil pump
4,8 b
4,8 b
1 b 1 b
138 b
 
                                                         Figure (2-5) 
                                                Lubrication oil system 
             a- AC Auxiliary Oil Pump          b- DC Auxiliary Oil Pump    
             c- AC Turning Gear Oil Pump    d- DC Oil Pump     e- Jacking Oil Pump      
             f- Oil purifier    g- oil cooler        h- Oil filter             i- Extraction fans                       
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2-5 Steam and water cycle: 
To decrease fuel consumption; water is heated before entering the boiler. 
Water is pumped by condensate extraction pump (CEP) to gland steam condenser 
and then to ejector condenser for extra heating, then water is passed through drain 
cooler to add heat from boiler drain water, and through low pressure heaters (1) 
and (2), finally to dearator for heating and removing dissolved gasses. Water 
from dearator is pumped by boiler feed pump (BFP) to high pressure heaters (4) 
& (5) for heating by using bled steam at 190ºC, then passed to boilers through 
feed regulating valves. 
The steam cycle main parts as represented in Figure (2-6) are: 
       
                                                Figure (2-6)  
                                         Steam and water cycle 
2-5-1 Steam turbine:  
           Turbine is constructed of rotor and stator blades inside the casing; steam 
flow is controlled by governor valves in addition to emergency shutting valve 
(ESV) which are synchronized with unit trip system. Seal steam is taken from 
auxiliary system to stop air entering to condenser side. There are five bled steam 
lines for water heating process.        
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2-5-2 Steam condenser:        
     The device of which our research is concerned whose main function is to 
condensate steam to water, improve cycle efficiency and decrease water 
consumption. It is a surface steam heat exchanger, with a number of 5000 tubes 
provided with taprogge system for cleaning, beside condenser water level control 
system, and air ejector. Second part of this chapter will discuss more broadly 
about the design and operation of the condenser.  
2-5-3 Condensate extraction pumps: 
        Two pumps deliver water to dearator, one in service and the other is standby 
for the case when condenser water level exceeds certain level. Condenser water 
level is controlled by two valves called condensate recirculation valve (CRV) 
which is fed from reserve tanks. In surge and out surge valves are equipped to 
control the surge tank.  
2-5-4 Steam heaters:  
       Each unit consist of five heaters using bled steam to heat water before 
entering boiler and to decrease fuel consumption. Four of the heaters are closed 
type heaters and the fifth is open type. Bled is controlled with non return valve 
(NRV). In addition to heaters there is a dearator which is designed to add heat 
when removing gasses to prevent boiler feed pump (BFP) from cavitations.       
2-5-5 Boiler feed pumps:  
      Two multi speed pumps deliver water from dearator through heaters (4) & (5) 
to boiler drum. Pump speed is controlled according to the pressure deference 
between drum and line, using feed water regulating valve (FWRV) to prevent 
drum overheat. 
2-5-6 Boiler :       
     Figure (2- 7) represent boiler diagram. Water tube boiler is used to generate 
steam at the drum from economizer in two states, 62 bars – 488ºC, and 88 bars – 
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512ºc, temperature is controlled by atemporator. Fuel enters at 110ºc and 
atomizes by auxiliary steam.  
         
STEAM GENERATOR
Heated water
Superheater
Superheater
SMOKE
Economizer Boiler feed pump
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Air heater
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FD Fan
Vaporization
walls
Combustion 
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2-6 Cooling water cycle:  
        Cooling circuit is used to condense steam in the condenser, cooling 
lubricating oil, cooling auxiliary closed circuit, and cooling generator air cooler. 
A cooling tower for every steam unit is equipped with two cooling water pumps, 
where each pump works at 2bars. Figure (2-8) represent cooling tower. 
               
Cooling Tower 
with CT fans
 
                                                       
            Figure (2-7) 
        Steam generator 
         Figure (2-8) 
     Cooling towers 
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2-7 Auxiliary’s cooling system: 
It is a closed cycle for cooling the flowing part:  
    •Working oil             •  Mechanical seal in the boiler feed water pumps 
    •Air compressor        •  sample station condensers  
    •forced draft fan (FDF) bearing 
The cycle use demineralised water and consists of a tank with three pumps 
working at pressure of 5 bars in addition to a closed heat exchanger.   
2-8 Auxiliary Steam: 
A part of steam is used for Heating Fuel in fuel unloading lines and tanks, 
atomizing fuel in fuel burner nozzle, removing gasses in air ejectors, insulating 
clearance in gland seal between rotors and turbines and insulating clearance in 
steam coil air perheater. There is special station for lowering auxiliary steam 
from 60 bars to 34 bars, 17 bars, 12 bars and 6 bars and delivering it for the 
mentioned purpose. [5]  
2-9 Oil drains system: 
The design of oil drain system is represented in figure (2-9). 
 
 
 
 
 
 
 
 
 
                                                              Figure (2-9) 
                                                         Oil drains system 
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2-10 Low pressure and High pressure Dosing:   
The low pressure dosing is a system where the following chemical materials 
are added to the feed water to improve water quality;  
       • Hydrazine is added to dearate dissolved oxygen 
       •Ammonia to prevent deposit process. 
In the high pressure dosing a 120 bars pump inject try-sodium-propionate in 
the economizer to prevent pipes corrosion.  
2-11 Fire fighting system: 
Station is provided with automatic fire fighting system. The fire fighting 
system is equipped with devices to produce a mixture of water and foam added 
to, carbon dioxide, clean gasses and chemical powder.          
2-12-Administration system: 
Plant administration system is sectioned to: 
      • Plant head manager  
      • Efficiency and planning unit 
      • Operation unit 
      • Maintenance unit   
      • Control & Instrumentation unit.   
The following reports are prepared by plant sections:    
1\ midnight shift                                    - Operation engineers   
2\ Morning Meeting staff                      - planning engineers  
3\ weekly reports                                   - plant head manager and units’ managers  
4\ monthly reports and yearly reports 
This in addition to preventive, curative maintenance and annual overhaul 
which depending on work orders.  
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2-13 Condenser description:  
The task of condensers is to condense the working fluid in a power plant 
cycle. The turbine exhaust steam condenses on the outside of the cooling tubes 
and the condensation heat is conducted to the cooling water inside the tubes. The 
condensate is collected and routed via the feedwater heaters and the feedwater 
line to the boiler where it again evaporates and is employed as operating steam to 
drive the turbine. 
The condenser represents a connecting link to the environment via the 
cooling water. This means that a condenser must fulfil not only the requirements 
of the power plant but also of environmental legislation. The used condenser type 
is for approximately up to 60 Mw.  
2-13-1 Design Layout of Condenser: 
Condenser main parts are illustrated in Figure (2-10).  
The tube overall length is (6.293 m).   
 
 
 
 
 
 
 
 
 
                                                            
 
                                                  Figure (2-10) 
                                       Steam condenser 
1234567   8    9 12    11 
19 13        14  15    16  17       18 1020 
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Item  Name  Item Name  
1 waterbox  end  door  11 Air release  
2 waterbox 12 Return  waterbox 
3 C.W outlet  13 Belows support beam  
4 Tube plate  14 Waterbox drain  
5 Level control connection 15 C.W inlet  
6 Flash box vent  16 Atmospheric exhaust drain 
7 Heater vent connector  17 Extraction pump suction 
8 Recirculation connector  18 Inspection door  
9 Dearator vent  19 Spring mounting  
10 Hot well 20 Condenser shell  
                                                 
 
The turbine exhaust steam flows through the condenser neck and the steam 
dome to the tube bundles arranged symmetrically in relation to the longitudinal 
axis. The steam dome is configured such that uniform admission of the steam to 
the bundle tubes is ensured. 
2-13-2 Tube bundle: 
The condenser tubes are made of aluminium brass. The ends of each tube 
are secured in the tube plates by expanding the end in the parallel fashion and the 
inlet ends are bell-mouthed to improve the water flow. Between the tubeplates the 
tubes are supported by sagging plates arranged so that each tube is slightly higher 
at its center than its end. This creates a slope towards each tubeplate which ensure 
total drainage of the tubes when necessary. It is divided into two tube bundles 
into which steam can flow from all sides. The bundles are designed to obtain a 
low condenser pressure along with a good deaeration and no subcooling of the 
condensate. 
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2-13-3 Air cooler: 
As the condenser pressure is below atmospheric pressure, some leakage air 
continuously enters the turbine and the condenser. It must be removed. The air is 
extracted at the lowest pressure points, the air coolers. Condenser has two air 
coolers, one located in the center of each bundle. The air is extracted uniformly 
over the entire length of the condenser. 
2-13-4 Condenser shell: 
The shell is mild steel (cylindrical fabrication) strengthened internally by 
mild steel ribs. The bellows piece is welded to the return end of the sell with 
return waterbox bolted to it. The mild steel bellows accommodates the 
differential expansion between the tubes and condenser sell. It is welded to the 
steam dome, the hotwell, and the tubesheet and ensures efficient steam guidance. 
The cylindrical shell is self-supporting and can absorb the vacuum forces. For 
this reason the support plates are connected to the shell without bearing load. 
2-13-5 Support plates: 
In order to prevent destructive tube vibrations, generated by the velocity of 
the steam, the tubes are mounted in support plates. The support plate spacing is 
carefully calculated to withstand extreme operating conditions. 
2-13-6 Hotwell: 
The condensate collected in the bottom of the condenser hotwell and is 
returned to the circuit by the extraction pump. The pump flow rate is controlled 
by the condensate level in the hotwell. 
2-13-7 Waterboxes: 
The inlet/outlet waterbox is divided into four sections to provide two inlets 
and two outlets and the return waterbox is divided into two sections. This 
arrangement is to ensure uniform distribution of the cooling water to the 
condenser tubes. They are designed for low hydraulic pressure losses. They are 
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fitted with special internals to ensure optimal distribution of the sponge cleaning 
balls to all tubes. Two-pass water system is provided. It is possible to shut down 
one condenser half with the plant still in operation to enable maintenance work to 
be carried out. Manholes ensure ready access. The waterboxes are welded steel 
structures with a welded connection to the tubesheets. One of the two waterbox 
covers is bolted to withdraw or replace tubes as necessary. To prevent corrosion 
the waterboxes are coated on the inside with epoxy coating or are rubber lined. 
2-13-8 Flashbox: 
During start up and load transients the high-energy internal turbine drains 
are routed via a flashbox into the condenser. In the flashbox flashing and phase 
separation into steam and condensate takes place. Injection water lowers the 
temperatures of high-temperature inlets before they enter the condenser. This 
protects the condenser and the steam turbine from the hot drains. 
 
2-13-9 Foundation mounting and connection to the steam turbine:  
 
The condenser is bolted rigidly to the turbine exhaust but the total weight of 
the condenser and circulating water is supported on spring mounting. The spring 
keep center bolts are fitted with locknuts which prevent any upward thrust being 
applied to the turbine exhaust casing when the circulating water is drained from 
the waterboxs.   
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Chapter 3 
Condenser performance  
3-1 Condenser performance:  
Condenser performance is the most important operating parameter on a unit. 
This is clearly appearing in the example of a 660 MW unit at which the condenser 
have 2000×25mm dia Tubes, each 20 meters long. It is realised that for a generator 
output of 660 MW about 780 MW of energy will be surrendered to the cooling 
water as in fig (3-1) which represent Sankey diagram of heat flow. [1] 
                          
                                           Figure (3-1)  
                              Sankey diagram of heat flow  
 
3-2 Condenser functions: 
Steam surface condenser is a specially designed heat exchanger of the shell 
and tube type. Condenser receives steam from the exhaust of the turbine; this 
steam is condensed to a liquid by removing the latent heat of vaporization through 
condenser tubes in which cooling water is circulating. Although the primary 
function of the condenser is to create a vacuum by condensing steam, the 
secondary functions include: 
• Removing dissolved noncondensable gases from the condensate 
• Conserving the condensate for re-use as the feedwater supply to the steam 
Generator 
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• Providing a leak-tight barrier between the high grade condensate contained 
within the shell and the untreated cooling water 
• Providing a leak-tight barrier against air ingress, preventing excess back 
pressure on the turbine 
• Serving as a drain receptacle, receiving vapor and condensate from various 
other plant heat exchangers, steam dumps, and turbine bleed-offs 
• Providing a convenient receptacle for adding feedwater makeup 
The function of the condenser cannot be fully understood without considering 
its place within the Rankine Cycle, as well as the set of heat transfer principles that 
are involved 
3-3-1 The Rankine Cycle: 
The Rankine Cycle consists of a means of generating steam at desired 
conditions of pressure and temperature and then expanding it through a steam 
turbine in order to generate power. The vapor in the exhaust from the last stage of 
the expansion is then passed to a condenser, where the residual latent heat is 
removed by a source of circulating cooling water, and the condensate is recovered 
and passed back into the steam generator. 
Figure (3-2) shows Mollier diagram for a typical power plant unit and figure 
(3-3) show cycle configuration. In this mentioned figure we observe that: 
The condensate (at point D) is drawn from the hotwell, located at the bottom of 
the condenser shell, by means of pump. It is passed through the low-pressure 
feedwater heaters (E) and deaerator (F), and is then pumped at high pressure (G) 
through the high-pressure feedwater heaters and into the steam generator or boiler. 
Here, heat is imparted into the water to produce steam and superheat it to the 
conditions at point (H). After that steam is expanded through the turbine to point 
(L), and entering the condenser in the form of a large volume of wet vapor. By 
continuously passing a source of circulating cooling water through the tubes 
 20
located in the condenser, the latent heat is removed from the vapour, which drains 
into the hotwell from which it can be recovered and recycled at (line L-D). Point L 
is the intersection of the turbine expansion line and the line joining the 
enthalpy/entropy coordinates of saturated vapor (point SV) and liquid (point D) 
corresponding to the condenser back pressure labeled here as 0.075 bar.  
The total heat input into the cycle per kg of steam is represented by the 
enthalpy difference between points H and D and the heat rejected from the cycle is 
a function of the enthalpy difference between points L and D. Meanwhile, the 
amount of energy converted to the generation of power is represented by the 
enthalpy difference between points H and L. It should be clear that, to maximize 
the amount of energy converted to power, the enthalpy at point L should be as low 
as possible, that is, a point below L, would be a power improvement 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                           Figure 3-2 
                                      Mollier diagram 
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                                                          Figure 3-3 
                                                Dr Sherief steam cycle 
 
3-3-2 Fundamentals of Condenser Heat Transfer Principles:  
The design value of heat transfer coefficient dU is defined as the average rate of 
heat transfer from steam to the cooling water per unit area per degree of 
logarithmic mean temperature difference. All equations are from [1] 
                                        
LMTDA
QU d *
=   ------------------------ (3-1) 
        Where                             
inv
outv
inout
TT
TT
TTLMTD
−
−
−=
ln
 ---------------------- (3-2) 
   And          Q = condenser heat load   
                    A = condenser tube heat transfer surface area  
 
3,8 5 bar 1 1,9 bar
180 166 °C 155 °C
10,9 12,7 bar 0,147 0,83 bar
265 262 °C 90 °C
90,7 89,5 bar 4,2 kg/s
504 512 °C 20,9 25,1 bar
59 62,5 kg/s 312 339 °C Unit 3 03 MAY 2001
0,143 0,075 bar
60 40 °C
199 °C    157 °C   13,2 12 bar
92 °C 48 °C 60 40 °C
51,4 53 kg/s
101 113 °C
196 219 °C 170 184 °C 60 40 °C
113 bar
147 153 °C 85,7 82 °C
61,4 64 kg/s
46 60 MW
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In normal operation, the condenser conditions will usually be different from 
design and this affect the heat transfer coefficient, and its value for normal 
operation is defined as effU . There are two principal ways of estimating a 
condenser’s current performance, the Heat Exchange Institute (HEI) method and 
the (ASME) method. Both compare the current value of the effective heat transfer 
coefficient effU , computed from present steam and water temperatures and cooling 
water flow rate, with a reference value rU that ought to be attainable, assuming 
design condition for a number of tubes, heat load and CW flow, and which is 
found from: [1] 
                 KmkWFfvU mdr
2
1
4.0 /)()(52.2 θ=  
Where  
                dv  = design CW flow velocity, m/s  
               mF = tube material factor, from table (3-1)  
                1θ  = CW inlet temperature  
                 2111 )(00031.00236.0716.0)( θθθ −+=f  
 
The design value of heat transfer coefficient will normally be lower than the 
best attained because the designer will make some allowance for tube fouling plus 
a factor to ensure that the specified performance is achieved. It is necessary to 
correct the heat transfer coefficient to standard conditions, and if it is desired to 
compare the performance of one condenser with another of different size or type. 
The standard conditions of condenser performance are represented in table (3-2)  
Finally, the reference heat transfer coefficient and condenser pressure can be 
calculated for various inlet cooling water temperatures, and plotted for reference 
on graphs such as in figure (3-4). The full line represents the results of several 
tests joining, and then it will be possible to assess the effectiveness of the 
condenser and then possibly obtain a guide to contributory causes of trouble.  
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Table (3-1) [1] 
 Tube material factor  
 
Cooling water velocity 
CW inlet temperature 
Tube material 
Tube outside diameter  
Tube wall thickness 
Cleanliness factor 
Heat load  
2 m/s  
15 ºC 
admiralty brass 
25.4 mm  
1.22 mm 
0.9 
Corresponding to 20 kW/m² of 
design surface area 
   Table (3-2) [1] 
Standard conditions 
 
Also, the design coefficient and condenser pressure are shown in figure (3-4). 
If there is a fall off in performance at low CW temperature, such that the pressure 
curve diverges upwards from the reference curve, then this indicates either high air 
leakage or inadequate air venting. Furthermore, as condenser pressures are 
reduced through improved cleaning, correspondingly lower air pump pressures 
will be required to prevent air blanketing 
 
 
Tube material  Composition  Thermal 
conductivity 
kW/mK 
Correction factor  
              mF  
 
 
 
 
70-30 brass 
Admiralty brass  
Aluminium brass (Yorcalbro)   
90-10 copper Nickel  
ICI Cupro-Nickel  
Yorcoron 
Titanium 
 
 
 
 
 
70Cu 30Zn 
70Cu 29Zn 1Sn 
76Cu 22Zn 2A1 
90Cu 10Ni 
68Cu 30Ni 1Fe 1Mn 
66Cu 30Ni 2Fe 2Mn 
Commercially pure  
 
 
 
 
 
0.1255 
0.1089 
0.1006 
0.0481 
0.0273 
0.0254 
0.0173 
Tube out side diameter, mm 
25.4       19.0         25.4         19.0 
       Wall thickness 
     1.22,mm               0.71, mm  
1.005 
1.000 
0.997 
0.957 
0.904 
0.896 
0.842 
1.016 
1.011 
1.008 
0.967 
0.912 
0.903 
0.848 
1.033 
1.030 
1.029 
1.004 
0.970 
0.965 
0.928 
1.051 
1.048 
1.046 
1.020 
0.985 
0.979 
0.942 
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Figure (3-4) 
Heat transfer coefficient 
  
Note that, given the mechanical design details of a condenser, there is an 
equilibrium back pressure that corresponds to the set of operating conditions 
consisting of condenser duty, cooling water flow rate, and inlet water temperature. 
For a given duty, if the cooling water flow rate falls or the water inlet temperature 
rises, the back pressure will also rise. A similar increase in back pressure will 
occur if the tubes become fouled or the concentration of noncondensables in the 
shell space should increase, since both conditions tend to decrease the effective 
tube heat transfer coefficient. The concentration of noncondensables can rise if the 
exhauster pumping capacity becomes degraded or if air in-leakage increases to 
values above the exhauster capacity. 
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3-4 Influence of backpressure:  
From Mollier diagram, it will be clear that a rise in back pressure from 0.075 
bar to 0.16 bar will cause a rise in the enthalpy of the exhaust above that of point 
L, and thus reducing the amount of heat which can be converted to power as 
represented in figure (3-5) . For a given MW load, 
                                              Figure 3-5 
                        Influence of backpressure in the output power 
 
 There can be several possible causes for the backpressure to rise, among 
them: 
• An increase in circulating water inlet temperature 
• A reduction in circulating water flow 
• Fouling of the inside or outside surfaces of the condenser tubes 
• An increase in concentration of noncondensables in the shell side 
• A degradation of the air-removal exhauster 
Then the work obtained by the turbine from the steam will increase as the 
backpressure is reduced, so it is always desirable to operate at minimum economic 
back pressure i.e. the condensate temperature should be as low as possible. If the 
condensing surface were infinite, the condensing temperature would equal the 
temperature of inlet cooling water (CW). However, there is practical limit and in 
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practice the average temperature of condensate is about 15ºC above the inlet 
temperature, but even so the size of condensing plant is considerable.  
Even a very small worse of the backpressure is very expensive in terms of 
extra heat required for a given output. To illustrate this for a 2000 MW station, if 
the backpressure worsened by just two mbar, the resulting extra fuel cost would be 
about £250,000 per year. The factors that worsen backpressure must be clearly 
recognized, so effective remedial can be taken once they are detected.                       
3-5 Bundle Concept: 
The design and optimum operation of the condenser are determined by its 
tube-field layout and flow baffling. These geometries strongly affect condensation 
efficiency and pressure drop minimization. Under sub-atmospheric conditions, the 
need to minimize pressure drop is the key design consideration. Pressure drop 
across the condenser reduces condensation efficiency or product recovery and, 
therefore, increases the operating cost of the system. Vessel geometry affects both 
vapor distribution and flow pattern, which ultimately impacts condenser 
performance and pressure drop. Poor flow distribution may result in localized 
“dead spots” in a condenser that essentially reduce effective heat transfer surface 
area. The tube pattern of the condenser is configured such that it shows 
regenerative characteristics. In this way the condensate is deaerated and heated up 
before it falls onto the hotwell.  
The condensers having a round cross-section to provide the greatest possible 
heat exchanger surface in the given space by employing many tubes. A middle 
lane is left free in order to supply the bottom tubes with steam. These tube 
configurations do not allow any pressure regeneration. Steam admitted to the 
bundle from all sides, as a result of that the local steam velocities and the steam 
side pressure losses are lower. As the steam can flow from all sides, the steam to 
the bundle inside need only flow through a few tube rows and this keeps the 
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pressure losses on the way through the bundle to the air cooler very low. In 
consequence the steam temperature decreases only slightly and the driving 
temperature gradient between steam and cooling water remains high. This ensures 
a high condensation rate. 
The bundle contours is determined and optimized so that there is practically 
uniform distribution of the steam from the middle lane and from the side lane. The 
flows from the side lane and the middle lane meet below the bundle. Here the 
velocity is zero; the dynamic pressure content is converted to static pressure, 
causing a temperature rise. This enables optimal regeneration. 
 In order to improve utilization of the available cooling water the condenser is 
provided as a two-pass type. In this case the cooling water flows through the 
bottom bundle half first and, in warmer state, is routed to the top bundle half via 
the reversing waterbox (Fig 3-6). This improves the admission of steam to the 
bottom bundle half, resulting in a uniform distribution of the load over the 
condenser. 
 
 
 
  
 
 
 
 
  
 
                                                       Figure 3-6 
                      Distribution of steam velocity around the tube bundle 
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3-6 Condenser auxiliary systems: 
To successfully perform its function, the condenser system is equipped with 
the following auxiliary systems: 
3-6-1 condenser vacuum system:     
Figure (3-7) represents Condenser circulating water and air ejector diagram, 
a low-pressure region created by a downstream ejector, which is designed for the 
purpose of drawn noncondensable gases and associated vapours of saturation 
underneath the longitudinal baffle. A change in baffle direction separates 
condensate from the vapours. Condensate drops down via gravity to the bottom of 
the shell and is subsequently drained from the unit. Meanwhile noncondensables 
and associated vapours are drawn through tubes beneath the longitudinal baffle for 
additional cooling and condensation. This separation of condensate from 
noncondensables and remaining vapours permits final cooling of noncondensables 
to a temperature below the bulk condensate temperature 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-7  
                                         Condenser vacuum system   
  
0.3b 1b
Main condenser 
Bled Steam 
Air intake line 
0.035b 
Air ejectors 
Extraction waters 
Condensers 
Condensed 
water
Air evacuation 
 29
3-6-2 Taprogge system: 
As represented in figure (3-8) it is a system equipped with sponge balls for 
cleaning the condenser fouled tubes from dirt and contaminations. In addition to 
ball collector and special pump pumping the ball into tube system. The system is 
mounted on the circulating water system.   
                                                   
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-8 
Taprogge system 
 
 
Condenser 
                        Balls collector in operation 
                    Balls collector in catch balls position  
                 Balls collector drained   
Taprogge system in operation 
        Back wash position 
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3-7 Factors affecting the performance of condenser:  
3-7-1 Determination of deviations:  
Condenser design is based upon authoritative documents which lay down the 
basic guidelines. Typical documents are: 
•Recommended practice for the design of surface type steam condensing 
plant, publication No.222, British electrical and allied manufacturers association. 
• Standards for steam surface condenser, by the Heat Exchange Institute, New 
York. 
The manufacturer supplies various performance curves for the condensing 
plant and these should be verified by test as soon as possible. There are two 
particularly important relationships which should be established  
• The CW temperature rise with load  
• The terminal temperature difference with load (TTD)  
Figure (3-9) represent these two relationships.  
 
 
 
 
 
 
 
 
 
 
Figure 3-9 
Load verse CW temperature rise 
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Knowledge of these optimum values is basic to many condenser 
investigations. The importance of the CW temperature rise is obvious. And also to 
make heat flow from the steam to cooling water it is necessary to have a 
temperature gradient, with steam temperature higher than that of cooling water, 
excellent heat transfers only need a small gradient whereas poor heat transfer 
requires a large one, so (TTD) is a measure of effectiveness of the heat transfer. 
For a given CW inlet temperature, it flows that the backpressure in the condenser 
also depends in part upon the (TTD). Factors affecting the backpressure include: 
•Variation of CW inlet temperature  
•Variation of CW quantity  
•Interference with heat transfer                     
To determine the contribution of each main factor to the total deviation of 
back pressure from optimum, with the help of a diagram devised by the author. An 
example for the condenser status at full load is presented at table (3-3) proceeds as 
follows: 
 
Parameter  Optimum  Actual  
 
CW inlet temperature, ºC 
CW outlet temperature, ºC 
CW temperature rise, ºC 
Saturated steam temperature  
Corresponding to back pressure, ºC 
Terminal temperature difference, ºC 
Back pressure, mbar  
   
 
16.5 
25.0 
8.5 
 
30.5 
5.5 
43.7 
 
20.0 
26.0 
6.0 
 
36.0 
10.0 
59.4 
 
Table 3-3 
Condenser status at full load 
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3-7-2 Contribution due to high CW inlet temperature: 
From figure (3-10), Plot a line vertically upwards from the actual CW inlet 
temperature 20 ºC to the optimum CW rise line, and then horizontally to the 
optimum TTD. From this point, drop a vertical to intercept the saturation 
temperature line at 34ºC, with corresponding back pressure of 53.2 mbar. So the 
back pressure deviation due to the CW temperature alone is  
                                     53.2   –     43.7              =                   9.5 mbar  
 
3-7-3 Contribution due to incorrect CW flow: 
The CW temperature rise is less than optimum, so there must be a higher than 
optimum CW flow, to determine the effect of this plot a line from the actual CW 
inlet temperature 20ºC to the actual CW rise 6.0ºC , then to optimum TTD and, 
finally, downward to cut the saturated steam temperature line at 31.5ºC. The 
equivalent back pressure is 46.2 mbar. Therefore the pressure deviation due to the 
high flow is  
                                           46.2    –    53.2            =                  -7.0 mbar. 
 The high flow has improved the backpressure by 7 mbar.  
 
3-7-4 Contribution due to heat transfer: 
 
The TTD is measure of interference with heat transfer. Here, the TTD is 
considerably higher than optimum, so it is worsening the back pressure. There is 
no necessity to plot the lines as in the previous cases, as they would merely 
connect all the actual values and the resultant back pressure would be 59.4 mbar 
which is all ready known. So the deviation due to high TTD is 13.2 mbar   
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Figure 3-10 
Condenser condition graph full load 
 
Causes of loss of backpressure due to the CW flow being too low include. 
• Insufficient pumps in service  
•CW outlet valve not open wide enough  
•Condenser inlet tube plates fouled with debris  
There may be mussels in the tube plates. It is the practice in some stations to 
operate with wide open CW outlet valves, in which case the temperature rise will 
usually be less than optimum. The benefit of this is that the backpressure is 
improved, but at the expense of increased pumped power. The obvious 
compromise is to insure that CW pump operation is optimised. Care must be taken 
to ensure that the velocity of the cooling water through the condenser tubes does 
not exceed the design limit. Excessive velocity leads to tube erosion, resulting in 
cooling water leakage into the steam. 
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 For deviations due to high TTD the steam temperature is almost same over 
the whole surface of the tubes (except in the air cooling section), whereas the 
temperature gradient between the steam and the inlet CW start high, becoming 
progressively smaller until becomes the TTD at the CW outlet. The average 
temperature gradient is equal the log mean temperature difference (LMT) and this 
is a measure of mean driving force for the heat transfer. 
Deposits on the inside from mud, slime and scale can affect the cleaning of 
the condenser tubes. On the steam side, there may be air accumulation or scale. 
When condenser tubes are cleaned, the only part of total deviation of backpressure 
that will be improved is that due to dirty tubes. It has no effect whatever on 
deviations due to air, CW temperature, etc. so the improvement due to cleaning the 
tubes may not be as great as expected.  
3-7-5 Shift monitoring: 
 For shift monitoring purposes the required curves are: 
•Optimum CW rise versus load figure (3-9) 
•Optimum TTD versus load figure (3-9) 
•Target backpressure for various CW inlet temperatures versus load, which 
represented at figure (3-11) 
During a period of steady loading, the backpressure on each running unit 
should be monitored to determine any backpressure deviations and to institute 
remedial measures, where possible.  
As with so many of these routine calculations, the task is simplified by 
using a standard form, such as the one shown in table (3-4). A typical calculation 
for a 500 MW unit has been included.  
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Figure 3-11 
Optimum backpressure versus load 
 
               Unit No.                 Date 
                 shift morning evening night 
 
1. actual back pressure, mbar 
2. saturated steam temperature, ºC 
3.CW inlet temperature, ºC 
4. CW outlet temperature, ºC 
5. exhaust steam temperature, ºC 
6. condensate temperature, ºC 
7. air suction temperature, ºC 
8.CW outlet valve position,% open 
9.target back pressure, mbar  
10. optimum CW rise, ºC 
11. optimum TTD, ºC 
12. back pressure due to CW inlet 
13. back pressure due to CW flow  
14. variation due to CW inlet temp 
15. variation due to CW flow  
16. variation due to air/ dirty tube 
17. back pressure variation    
 
52.3 
33.7 
17.9 
26.8 
33.7 
34.9 
24.9 
55 
48.4 
9.0 
5.2 
47.8 
47.5 
-0.6 
-0.3 
4.8 
4.5 
  
 
Table (3-4) 
Shift monitoring 
  Back  
Pressure 
mbar 
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20 ºc 
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20             30             40           50           60           80           90            100            110    load %  
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3-8 Heat transfer across condenser tubes: 
The temperature gradient required to transfer a given quantity of heat across 
the condenser tubes is determined by the total resistance to heat flow and consists 
of the following main component  
 3-8-1 Resistance due to the condensation film: 
On the steam side of tube clearly there will be water film on the out side of 
tubes from the condensation of the steam. The resistance to heat flow will depend 
upon factors such as the mode of condensation (dropwise or film) and the depth of 
liquid. Such factors are beyond the control of operators of the plant as they are 
inherent in the design, so the situation must be accepted for any given installation. 
3-8-2 The effect of air blanketing on the steam side: 
On the steam side of the tube air is such an excellent insulator that only a 
minute film on the tubes will cause a serious resistance to the heat flow. The main 
factor causing poor performance of condenser is the degree of air blanketing of the 
tube. A small inleakage is inevitable, and is normally removed by the air pumps. 
However should the air be able to accumulate, it will interfere with the steam 
getting to the tube, increase the temperature gradient and so worsen the 
backpressure.   
3-8-3 Deposition on the steam side of tubes: 
Depositions on the steam side of the tube, such as copper oxide. It is not 
always realised that depositions can occur on the outside of condenser tubes. 
Usually they are composed of oil or oxides of copper or iron. And the effect can be 
significant. For example, on one 500MW unit the deposit was sufficient to worsen 
the backpressure by about 10 mbar. The tubes most affected by steam side 
deposits are located at the top of the condenser, so these should be carefully 
examined during surveys. 
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3-8-4 Resistance of tube material: 
 
The material of the tube does not constitute a significant resistance to heat 
flow. The thermal conductivity of tubes vary between 0.0173 and 0.1255 kW/m k, 
the lowest being titanium, but the normally used metals are over 0.1 kW/m k. in 
any case, as far as the station staff are concerned, they are obliged to accept the 
material supplied.  
 
3-8-5 Deposition on the inside of the tube:  
    
  This is due to scale, slim or dirt. The most common causes of poor heat 
transfer is mud and slime. Basically the problem is due to algae in the cooling 
water. These are jelly like organisms, which find the conditions in the tube 
hospitable, so they tend to settle there. They form a suitable bonding agent for 
particles of mud and, in short time, the internal tube coating will seriously affect 
the condenser performance. 
3-8-6 The stagnant water film: 
 
Adjacent to the inside of the tube, the thickness of this film is dependent 
upon two factors: the temperature and velocity of the water. The temperature of 
the water causes the heat transmission rate to vary as the fourth root of CW 
temperature and the square root of the CW velocity, result propounded in classic 
paper read before the institution of mechanical engineers in 1934 by Guy and 
Winstanley with the title of (some factors in the design of steam surface 
condensing plant). [1] The effect of temperature and velocity can be determined 
from figure (3-12) and (3-13).  
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    Figure 3-12 [1] 
Effect of CW inlet temperature 
 
First, calculate the drop in CW inlet temperature from the optimum value. 
At given backpressure, saturation temperature and initial temperature difference, 
and determine the initial factor F1from figure (3-12). Then: [1] 
The new saturation temperature = 11θF + New CW inlet temperature 
Where 1θ = initial temperature difference (design value)  
Then determine the equivalent saturation pressure 
The cool water increases the thickness of the stagnant water film inside the 
condenser tubes, so that the initial temperature difference increases. Hence, the 
primary and secondary effects of a change of CW temperature work in opposite 
directions.  
 In a similar manner, the effects of change of velocity can be determined. If 
there a decrease change in a CW flow (which would give a corresponding change 
of CW velocity)? The factor F2 is obtained from figure (3-13)  
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   Figure 3-13 [1] 
Effect of CW flow 
The new saturation temperature = 12θF + New CW inlet temperature  
The third parameter is the variation of steam flow to the condenser, if for 
example, for the same design condition the steam load changes from 100% to 
90%. The appropriate factor F3 is obtained from Figure (3-14) 
 
  
 
 
 
 
 
 
   
Figure 3-14 [1] 
Effect of steam flow 
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The new saturation temperature = 13θF + New CW inlet temperature  
And there will be a reduction in the back pressure from the design value. 
Then the combined effect of all three changes (CW temperature, CW flow and 
steam load) is:  
The new saturation temperature = 1321 θFFF + New CW inlet temperature  
From saturation temperature, we can find the corresponding backpressure      
3-9 Tube fouling: 
The surfaces in condensers are not bare metal but are always covered with a 
certain coat of dirt and corrosion residue. This layer influences the heat transfer 
and must be taken into consideration. The fouling is a constant (m²K/kW) for a 
given tube material, which is not dependent on the condenser load or the operating 
mode. Therefore this definition of fouling differs from the widely used 
“cleanliness factor” CF (%), because in the latter case according to its definition 
the “fouling” changes with the load. 
Types of fouling are divided into six distinct categories the most common 
types are. Crystallization, which occurs in many process streams and cooling-
tower water. Sedimentation, which is caused by deposits of particulate matter such 
as clay, sand or rust. Polymerization, which is caused by the build-up of organic 
products and polymers. Coking occurs on high-temperature surfaces and is due to 
hydrocarbon deposits. Fouling due to coking is of no significance, since the unit 
cannot be used at high temperatures.  
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3-10 Tube cleanliness:   
It is the ratio of the average heat transfer coefficient of tubes in the condenser 
to that of a new, acid cleaned tube. It is a very important parameter of condenser 
performance.  
The value of cleanliness factor can be determined at the off load state, here 
about one of every 200 tubes should be withdrawn from the condenser to give a 
good representation of the operating conditions. Lengths suitable for mounting in 
the testing apparatus are cut from the middle and ends of each sample tube. Care 
must be taken when removing and handling the tubes such that the tube fouling is 
not affected. Then The thermal resistance of the sample tubes is measured and 
compared with the thermal resistance of some of tubes after acid cleaning. The 
tube lengths are mounted in test rig in which steam is made to condense on tube 
surface by water passing through the tubes.  
The thermal resistance of tubes is calculated as. [1] 
                                   
)/ln( 21 θθθθ −−= sspqc
AR  
Where     R   = thermal resistance                                          m²K/kW 
                q    = cooling water mass flow rate                        kg/s 
               pc  = specific heat of cooling water                       kj/kg K 
               A   = outside area of tube                                        m²  
                      sθ  = condensing temperature                                  ºC 
                1θ , 2θ  =    water entering and leaving temperature      ºC 
 
           Figure (3-15) represent the relation between resistance and flow rate and how 
fouling deviate the relation from it is normal, the relationship between velocity and 
flow rate is represented by 8.01V  
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Figure 3-15 [1] 
Effect of tube fouling 
 
3-11 Effect of Air Ingress on Heat Transfer: 
Figure (3-16) represent the recommended dry air rating for various steam 
flow. Adequate air removal capacity is highly desirable.  
For maximum thermal efficiency, corresponding to a minimum backpressure, 
a vacuum is maintained in the condenser. However, this vacuum encourages air in-
leakage. Thus, to keep the concentration of noncondensable gases as low as 
possible, the condenser system must be leak tight, together with any part of the 
condensate system that is under vacuum. Failure to prevent or remove the 
noncondensable gases may cause serious corrosion in the system, lower heat 
transfer properties, and/or increase plant heat rate due to the backpressure rise 
associated with a high in-leakage 
An adequate air-removal and monitoring system is essential. The heat 
exchanger institute (HEI) standards provide reasonable guidance on the 
permissible ratios of air in-leakage to the air-removal capacity. Most new 
condensers are now guaranteed to reduce oxygen levels to below 7.0 ppb at full 
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load. ref (3) However, air in-leakage can occur in any part of a condenser/turbine 
system that is operating at subatmospheric pressures so achieving and maintaining 
these guaranteed figures largely depends on proper equipment maintenance. The 
primary sources of air in-leakage in a condenser are as follows: 
  
 
 
 
 
 
 
 
 
 
Figure 3-16 [1] 
Effect of Air Ingress in steam 
 
• Atmospheric relief valves or vacuum breakers 
• Rupture disks 
• Drains that pass through the condenser 
• Turbine seals 
• Turbine instrumentation lines 
• Turbine/condenser expansion joint 
• Tubesheet to shell joints 
• Air-removal suction components 
• Condenser instrumentation, sight glasses, etc. 
• Low-pressure feedwater heaters, associated piping, valves and instruments 
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• Valve stems, piping flanges, orifice flanges 
• Shell welds 
• Condensate pump seals 
 
Condensers are provided with air-removal equipment to evacuate the vapor/air 
mixture that accumulates in the area of those tube bundles termed the air-removal 
section. The presence of even small amounts of air or other noncondensables in 
the shell space can cause a significant reduction in the effective heat transfer 
coefficient. Figure (3-17) [3] plots this effect. The vertical scale is in terms of the 
ratio of the shell side film heat transfer coefficient in the presence of air to the 
corresponding Nusselt value, while the horizontal scale is the mole percent of air 
in the vapor. The importance of avoiding excessive concentrations of air in the 
shell side of the condenser is shown in the sharp falling off in the ratio when only 
small quantities of air are present; the curve tends to become asymptotic with 
increased air concentrations. 
                      
Figure 3-17 [3] 
Effect of air ingress in enthalpy 
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Similar effects are produced by the presence of other common 
noncondensables, such as ammonia (for example, from hydrazine treatment of 
boiler feedwater), carbon dioxide and, hydrogen sulfide. It should also be noted 
that a reduction in the cleanliness (or performance) factor can be due to either 
fouling or air ingress, but it is difficult to quantify how much each of these two 
effects is contributing individually to an observed change in heat transfer without 
examining other operating factors. 
3-12 Effect of Cooling Water Ingress: 
The condenser tubes and tubesheets act as barriers between the relatively 
impure cooling water and the high grade condensate. Due to the vacuum inside the 
condenser, any tube leakage will cause contamination of the condensate by the 
cooling water. This can lead to increased corrosion not only in many parts of the 
feedwater and steam generator systems but also in the turbine itself. Even a 
leakage on the order of 0.1 gpm can cause significant corrosion.  
Corrosive substances identified as causing problems include: 
         • Sodium chloride 
         • Sodium hydroxide 
         • Sodium chloride with sodium sulfate 
         • Hydrogen sulfide 
         • Hypochloric acid 
         • Sulfuric acid 
Chemistry indications of condenser water leakage include the following: 
         • Rapid increases in cation conductivity, because of concentrations of 
            chlorides, sodium, and silica. 
         • PH drop due to dilution or the reaction with an acid found in the water. 
 • With cooling towers, in-leakage is much more severe due to the chemicals 
   added and the tendency for them to become concentrated. 
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Contaminants may enter the secondary system through leaks in the condenser 
itself, which may develop in the joints between tube and tube sheet or through-
wall penetrations. Contaminants may also enter from the condensate polishers; this 
tends to imitate a condenser tube leak.  
Additional sources of contaminants may result from the intrusion of resin, 
lubricating oils, or other undesirable chemicals, which may result in chemical 
analyses exceeding specifications and cause the following: 
              • Stress cracking corrosion (Cl-) 
              • Localized corrosion (pH, Na) 
              • Fouling of resin 
              • Forced shutdown of plant 
Because of these other sources of contamination, it is important to know the 
analysis of the water that is used for cooling, whether it is raw water or water 
drawn from a cooling tower loop. Maintaining proper chemistry control of the 
secondary system is important in order to: 
            • Minimize corrosion of the entire system—iron in particular 
            • Minimize pipe thinning 
            • Prevent rupture of steam generator tubes and the subsequent release 
             of radioactivity to the environment. 
           • Prevent scale formation—to maximize heat transfer capability 
                  • Minimize carryover of contaminants to the turbine 
To achieve these goals requires that a great deal of time, effort, and capital be 
invested in a water treatment program for the unit and system. Of additional 
practical concern to plants is that proper control of feedwater chemistry helps to 
avoid violating manufacturer’s warranty on components or equipment. Insurance 
rates are also often based upon the consistent maintenance of proper chemistry 
control. 
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3-13 corrosion: 
Corrosion is generally taken to be the waste of a metal by the action of 
corrosive agents. However, a wider definition is the degradation of a material 
through contact with its environment. In essence, the corrosion of metals is an 
electron transfer reaction. An uncharged metal atom loses one or more electrons 
and becomes a charged metal ion. The kinds of corrosion are: 
3-13-1 Electrochemical corrosion:   
As represent in Figure (3.18) for a metal immersed in electrolyte, corrosion 
happen because electrochemical dissolution. The fundamental driving force of the 
corrosion reaction is the difference in the potential energies of the metal atom in 
the solid state and the product, which is formed during corrosion. There are four 
main aspects of this kind of corrosion: 
A. The presence of dissolved ions facilitates the passage of an ionic current 
through the solution. 
B. Certain anions, especially chloride, penetrate the protective films, which are 
naturally present on metal. This process is an initiator for corrosion, especially for 
localized corrosion. 
C. The pH of the solution is a measure of the availability of one of the two most 
important cathodic agents. As represent in figure (3-19)  
D. Dissolved oxygen (and even water) can passivate steel, thereby rendering it, to 
varying degrees, corrosion resistant. Oxygen is a strong cathodic agent. 
 The rate of corrosion is determined by several factors: 
       •The conductivity of the environment 
       •The presence of cathodic agents 
       •The supply of cathodic agents to the metal surface 
       • The build-up of scales or other deposits on the metal surface 
       •The effect of temperature is generally to increase corrosion rate  
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Figure 3-18 [8] 
Electromechanical corrosion 
                                                  
                                                 
 
 
 
 
 
   
 
Figure 3-19 [8] 
Effect of pH in corrosion 
 
 
3-13-2 Pitting corrosion: 
 
Pitting is a form of localized corrosion in which part of a metal surface is 
attacked. Rates of pitting penetration can be very high as the case of stainless steel 
in warm seawater suffers pit penetration rates of 10mm per year. As represented in 
figure (3-20)  
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Figure 3.20 [8] 
Pitting corrosion of stainless steel 
 
3-13-3 Crevice corrosion: 
Crevice corrosion of steels Figure (3.21) has a similar mechanism to pitting 
corrosion, when differ in the initiation phase. This phase is assisted in creation of 
corrosion with (a) differential aeration cell and (b) differential metal ion 
concentration cell. 
                    
Figure 3-21 [8] 
Crevice corrosion 
3-13-4 Microbial induced corrosion: 
Various bacteria are involved in corrosion processes. The most important case 
are some Thiobacillus types (these generate sulphuric acid which dissolves 
concrete) and sulphate-reducing bacteria (SRB).  
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3-13-5 Stress corrosion cracking: 
If the conditions are sufficiently severe the conjoint action of tensile stress and 
a specific corrodent on material results in stress corrosion cracking (SCC). 
3-13-6 Corrosion fatigue: 
Many metals suffer fatigue, which is the result of the application of an 
alternating stress. Corrosion fatigue results from the exposure of a metal, which is 
subjected to alternating stress, in a corrosive environment.          
3-13-7 Hydrogen-induced cracking: 
Hydrogen-induced cracking (HIC) is the most commonly encountered in 
steels but other metals are susceptible. The presence of hydrogen atoms in a metal 
degrades some of its mechanical properties, especially its ductility, leading in 
some cases to brittleness. 
3-13-8 Oxidation: 
In oxidizing atmospheres, most metals are unstable with respect to their 
oxides. Oxidation to create the metal oxide depends on several factors, the most 
important being temperature (and hence the thermodynamics of the process), 
availability of oxygen and the protective action of any oxide that is created 
 3-13-9 Fretting corrosion: 
Fretting corrosion occurs because of oscillating relative motion between 
touching surfaces. Here high temperatures are created on the fretting surfaces. The 
surfaces weld together in the high stress conditions at points of contact and are 
torn apart by the relative motion of fretting surfaces.  
 
3-13-10 Molten salt corrosion: 
Any salt that is present on a hot metal surface can cause corrosion of that 
surface. This mechanism is often rapid and is due to straightforward dissolution of 
the metal and any oxide which may be present on the surface. 
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3-14 Effect of Noncondensables gasses: 
The concentration of a dissolved gas in a solution is directly proportional to 
the partial pressure of that gas in the free space above the liquid and inversely 
related to temperature. Deaeration or removal of the dissolved oxygen from the 
water takes place by the reduction of partial pressure of air in the surrounding 
atmosphere, regardless of the total pressure. Thus, condensate should be reheated 
to a temperature above which oxygen entrainment is minimized. This can be done 
by using steam spargers, bubbling steam through the hotwell, or passing 
condensate through a deaerator. Chemical compounds are sometimes added to the 
water to remove the last traces of oxygen. Oxygen and other noncondensable gases 
released in the condenser are then removed through vacuum pumps and/or air 
ejectors. 
3-15 Condensate subcooling: 
In many condenser types, the condensate is considerably cooler than the 
saturation temperature at the condenser pressure. This subcooling has a negative 
effect on the plant efficiency because the following feedwater heater requires more 
steam than would otherwise be the case without subcooling. 
If cooling water is supplied to the top of condenser water box an air pocket 
might be created at bended piping areas. Resulting in insufficient flow of cooling 
water as well as excessive consumption of CWP Power (kW); however, in case of 
the plant Ph 2 condenser, cooling water is supplied to the down stream of the 
condenser and prevents such a problem. 
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3-16 Tube plugging:  
In normal operation, the condenser conditions will usually be different from 
design, and this affect the heat transfer coefficient. Not only the CW temperature, 
cleanliness but also the number of tubes in service may be different, because some 
may be plugged, which have an effect upon the CW flow as shown in figure (3-22) 
 
 
 
 
 
 
 
 
 
 
    
Figure 3-22 
Effect of Tube plugging 
 
3-17 Performance factor: 
Finally, the performance factor is a measure of the effectiveness of the 
condenser; it is a ratio of test heat transfer coefficient to the heat transfer 
coefficient derived from the guaranteed condenser pressure and the specific 
condenser pressure   
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Chapter 4 
Dr. Sherief P.S condenser performance 
 
4-1 Performance test parameters : 
Table (4-1) represents the performance test parameters which were 
registered by efficiency and planning department on 21:10:2009, and table (4-2) 
represents the condenser specifications. Problems affecting condenser 
performance in Dr. Sherief Power station were investigated by applying the 
actual values in heat transfer equations and performance curves. 
No Item   Unit  Actual Optimum  
1 Load  MW 52 60  
2 Main steam flow kg/s 59.5 64 
3 Main steam temperature ºC 515 512 
4 Main steam pressure bar 88.8 87  
5 Fuel oil flow kg/s 4.0 4.31 
6 F.O gross calorific value kJ/s 42039 42860 
7 Feed water flow  kg/s 61.8 67 
8 Feed water temperature ºC 220 220 
9 Feed water pressure bar 100 107 
10 Boiler C.C pressure mbar 22 27  
11 Condenser Sat. steam Temp ºC 48 46 
12 Condenser vacuum mbar 89 83 
13 Condenser C.W inlet Temp ºC 30 25 
14 Condenser C.W outlet Temp ºC  39 34 
 
Table (4-1) 
Performance test parameters 
 
Description  Condensing bundle Air cooling bundle
material Al brass C68700 Copper alloy C71500
Outside diameter(mm)              25                25 
Thickness (mm)              1.24               1.24 
Useful length (mm)              9394              9394 
Number of tubes               5648               380 
Effective tube surface area m²              4165               281 
 
Table (4-2) 
Condenser specifications 
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4-2 Condenser Present System: 
Condensing of the steam is accomplished by removing the exhaust steam 
heat with cooling circulating water. If the cooling water temperature is greater 
than the design temperature, this may result in higher condenser pressure than the 
design value. High increase in cooling water temperature means that the 
condenser is either overloaded or the flow rate of cooling water is below the 
design. 
In Dr. Sherief power station  there are two circulating water pumps (CWP) 
per each Unit. One pump is operating while the other is stand-by. Table (4-3) 
represent (CWP) data  
Pump    Design  Actual  
Current (A)   92 (A) 83(A) 
Discharge pressure   3.2 bar 3.1 bar  
 
Table (4-3) 
CW pump data 
 
Effectiveness of pump is closely tied to operating current, but it was 
deviated from designed value insignificantly. It seems that the pump performance 
didn’t deteriorate enough to affect condenser vacuum. 
Temperature of cooling water is directly affected by the performance of 
cooling tower and atmospheric temperature. Temperature of condenser cooling 
water is measured as 30°C, which is significantly higher than the design 
temperature of 25°C. If this measured temperature is applied to the condenser 
performance curve, it can be observed that under the design cleanliness factor, the 
best vacuum condition obtainable by condenser with current cooling water 
temperature is only 89 mbar as in Fig (4-1). And in order to maintain the design 
vacuum level of 83 mbar, the thermal load requires to be reduced by 25%. 
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Fig(4-1) [5] 
Condenser performance curve 
 
The above curve is used to calculate condenser thermal load in Dr. Sherief 
power station . The values of terminal temperature difference, tube cleanliness 
factor and tube thermal transfer coefficient are represented in table (4-4)   
Description  value 
Condenser thermal load (kw) 133440 
LMTD 12.8 
TTD 9 
Tube thermal transfer coefficient Kw/m²ºc 2.3 
Actual tube cleanliness factor  25.41 
Table (4-4) 
Condenser performance factors 
 
From the above results, the following observations is recorded   
• Based on the above calculation, the cleanliness factor is lower than the 
designed value of 0.818, indicating that the heat transferring side of tube is 
severely polluted 
• This pollution is a hard scale attached securely to the tube’s bore surface 
and can be only removed by using scrubber and high pressured water. It is 
recommended to find out the exact reason behind it. 
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4-3 Registered problems:  
The following charts in figures (4-2) and (4-3) represent the number of 
internal trips and unplanned outage registered by the efficiency and planning 
department of the station successively  
 
 
 
 
 
 
 
 
 
Figure (4-2) 
Internal trips 
 
 
 
 
 
 
 
Figure (4-3) 
Unplanned outage 
The above graphs is a real translation for the plant engineers recorded log books, 
in which we observe the share of the problems affecting condenser performance 
in  the number of trips and unplanned outage, and then in plant availability and 
efficiency. 
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In the above graphs, the lower areas represent the condenser problems 
share. The number of all trips in the years of stable plant operations (2003 -2009) 
is 52, a number of 30 trips of them are directly from the problems of condenser 
performance. And the number of unplanned outages is 189, and 70 of them is 
directly causes from problems of condenser performance.   
The problems of condenser according to trip alarm and outage causes are 
registered as follows: 
4-3-1 Condenser water level:  
Cooling water leaking into the steam space through the ends of the tubes at 
the tube sheets or through tiny holes in the tubes that may be caused by corrosion 
or erosion. This water leakage also contaminates the condensate and results in the 
need for additional water treatment prior to its entrance to the boiler to ensure 
good water quality. The condensate continues to exceed the normal or average 
water requirements, causing the hot-well level to rise.  
The unit is inspected to determine the cause and location of the leak. 
Inspection for leaks is done by pulling a vacuum on the condenser and exposing 
the flame of a candle to each tube. The method frequently used for locating leaks 
in Dr. Sherief power station is as follows: 
• With the condenser out of service, fill the steam space with water. The 
tubes are inspected for leakage by entering the water boxes. Tubes found to be 
leaking are  replaced or plugged and repairs made where necessary. 
• The quantity of water leaking per unit of time is determined with the 
condenser out of service by pulling a vacuum on the condenser while noting the 
rise of water level in the hot well. 
• Small amounts of water leaking into the hot well are best determined by 
running a chemical analysis on the condensate from time to time or by testing the 
condensate to determine the resistance or conductivity of a given sample. 
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. Figure (4-4) shows the ferrules and tube replacing process 
 
              
Figure (4-4) 
Tube replacing                                             sacrificial end 
 
4-3-2 Condenser vacuum:  
The most common problem is loss of vacuum caused by air leaking into the 
condenser. Air leaks that develop are difficult to detect and locate because of the 
large surface area of the condenser and the many valves, fittings, and auxiliaries 
attached to it. A very important part of condenser monitoring is the ability to 
determine the effectiveness of the air removal capabilities of the condenser and 
the amount of air leakage that the condenser may be experiencing. These leaks 
are detected by: 
• Examining all the joints for leaks using a candle.  
•Filling the condenser with water and maintaining a slight pressure. 
• Using low-pressure air and checking for leaks using a soap solution. 
The leaks are checked around all auxiliaries connecting the turbine seals and 
bleeder connections. This is very slow and tedious job. Plastic compounds are 
used to seal the leaking joint when it is located. 
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A convenient method of determining the extent of leakage is to pull a 
vacuum on the system and close down, permitting the unit to stand for a while. If 
the vacuum drops more than 2 to 4 in Hg per hour, it will be necessary to hunt for 
leaks.  
Another method frequently used to determine whether the condenser is 
leaking air is to check the pressure and see if the pressure in the condenser 
corresponds to the condensate temperature. Should the pressure be higher, air 
leaks or noncondensable gases are present in the condenser.  
 
4-3-3 Condenser tube failure: 
This problem is registered in the unplanned outage reports. Approximately 
80 percent of all tube failures occur within the first couple of inches of the tube 
inlet end of the condenser. Erosion of the inlet ends is the cause of these failures. 
As a solution to this problem, a thin-walled metal tube insert, called a ferrule, is 
expanded into the inlet end of a condenser.  When packing is used to prevent 
leakage between the tubes and the tube sheet, the specified amount of packing is 
placed in the box, and the ferrule is screwed down tightly but with care to prevent 
crushing (necking) the tube.  
 
 
 
 
Figure (4-5) 
Sample of tube failure  
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4-3-4 Boiler contamination:  
This problem is also registered in the unplanned outage reports. Corrosion 
of copper bearing tubes on the shell side of condensers is recognized as a 
contributor to copper deposition on turbine blades. The resulting copper deposits 
cause loss of load due to a lowering of turbine energy conversion efficiency. 
Dissolved Oxygen (DO) and other gases are a major cause of corrosion in the 
steam cycle  
4-3-5 Condenser tube fouling :  
Tube fouling occurs when biologic growth or material deposits obstruct the 
cooling circulating water flow through condenser tubes. Tube fouling manifests 
itself in many plant measures. Tubes are plugged with mud, leaves, shells, debris, 
slime, or algae, reducing the supply of cooling water. 
Condensers are frequently troubled with scale and algae growth. These 
reduce the heat transfer and at times become so serious as to interfere with the 
circulation of water. Backwashing is effective in removing foreign material. 
Condensers have their piping arranged so that this can be accomplished while the 
condensers are in service. Condensers have a divided water box with horizontal 
decks; one-half of the surfaces can be cut out of service for cleaning, while the 
remainder carries the load, at reduced vacuum. This avoids interruption of 
operation. Scales are removed by washing the tubes and sediment inside the tubes 
is removed by blowing rubber plugs and compressed air through the inside of the 
tubes. Algae growth is inhibited by using various chemical solutions, at times, 
chlorine is used very effectively. When replacing tubes or making repetitive 
adjustments, plant engineers keep a continuous record for future reference. 
Continued maintenance and repeated adjustments indicate trouble that must be 
taken care of before the situation becomes serious. The manufacturers of 
condensers are continually updating their maintenance procedures based on 
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operating experience in many plants, and they are consulted for maintenance 
recommendations. Figure (4-6) represent tube fouling and sponge ball cleaning 
process.  
 
             
Figure (4-6) 
Tube fouling 
 
4-4 Condensate system: 
Problems encountered in the condensate system must be controlled carefully. 
These problems are attributed to two gases, carbon dioxide (CO2) and oxygen 
(O2). Some carbonate alkalinity is present in feedwater, with the pressures and 
temperatures present in the boiler a portion of the alkalinity breaks down to form 
carbon dioxide (CO2).  
Since carbon dioxide is a gas, it is included with the steam leaving the boiler. 
When this steam condenses, some of the carbon dioxide dissolves in the 
condensate and forms carbonic acid. Carbon dioxide is not harmful until it 
dissolves in the condensate, and the carbonic acid formed dissolves iron from the 
condensate piping. The iron also will flow to the boiler, where it is deposited in 
tubes, causing tube failure. 
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 Oxygen (O2) is also present in feedwater, and this gas is removed by 
mechanical and chemical processes. The mechanical means of removing oxygen 
is by use of a deaerator, figure (4-7),  where the feedwater interacts with steam, as 
described , and oxygen is released to the atmosphere at the deaerator vent. The 
rest of the oxygen, which is capable of causing severe corrosion, is scavenged 
chemically using chemical compounds such as sulphite or hydrazine. 
The problems associated with these gases are minimized by good operating 
practices that prevent their entry into the condensate and boiler systems. These 
procedures include: 
• Properly operated condensate pumps and good deaeration keep oxygen and 
carbon dioxide out of the system. 
• Demineralization reduces the amount of alkalinity in boiler feedwater and 
thus the amount of carbon dioxide that is developed by alkalinity breakdown. 
• The use of chemical treatment to control carbon dioxide and oxygen 
supplements the mechanical processes. 
 
                      
                                                    Figure (4-7) 
                    Horizontal deaerator arrangement with storage tank 
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Chapter 5 
Suggested solutions 
 
5-1 Monitoring And Diagnostic: 
The monitoring and diagnostic system in Dr. Sherief power station is an old 
analog system and depending on manual calculations. Mounting of advance 
condenser monitoring and diagnostic instrumentation is a suitable solution for 
this problem. This advance system used to identify and confirm condenser 
problems, which cause inadequate steam space venting, and accumulation of 
noncondensable gases in pockets within the tube bundle, that both contribute to a 
condition generally referred to as air binding (AB). Multi Sensor Probe (MSP) is 
a system of Measurements employing diagnostic equipment that used to 
determine the properties, make-up and flow rate of water vapour and 
noncondensables being removed from condensers through the vent line by the 
condenser exhauster. This system is Combined with a model identifies the 
behaviour of these gaseous components in the Air Removal Section (ARS) of the 
condenser and within the main steam condensing region of the tube bundle. It is 
composed of: 
   
5-1-1 On-line Dissolved Oxygen analyzer (DO): 
 
A very important part of condenser monitoring, have the ability to determine 
the effectiveness of the air removal capabilities of the condenser and the amount 
of air leakage that the condenser may be experiencing. A necessary part of this 
monitoring is the dissolved oxygen analyzer that determines the oxygen content 
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of the condensate leaving the Hotwell. Dr. Shirief plant manager must act to have 
an on-line analyzer that is connected to the Plant Information system.  
Figure (5-1) represents a part of analyzer screen and how does it work day 
by day to report the DO quantity  
 
 
Figure (5-1) 
Analyzer screen 
 
5-1-2 On line circulating water flow and fouling (CWFF) 
 
An on line condenser tube circulating flow and fouling (CWFF) instrument 
is useful for condenser performance monitoring to identify unique problematic 
operating conditions.  Then corrective actions can be initiated as a result of the 
new data to prevent performance and operational losses. 
Other uses of the CWFF instrument are its utility for plant operations, 
performance control, maintenance troubleshooting and condenser diagnostics.  
Their use to identify causes of high dissolved oxygen at low condenser air in-
leakage is an added benefit to improving plant component life.  
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5.2 Tube Plugging: 
This method is used in Dr. Shreief power station. But here we need to 
describe the right techniques that must be applied to complete plugging process.   
If it has been established that the leakage has been caused by a tube failure, 
the unit can be rapidly returned to service by plugging the leaking tube. 
Condenser design is such that there is typically excess surface area available in 
the form of extra tubes to allow as many as 10% of the tubes to be plugged 
without reducing the effective heat transfer capacity of the unit. There are many 
different types of condenser tube plugs to choose. Keep the following 
considerations in mind when selecting plugs: 
• The plug should be permanent and leak tight for the life of the condenser. 
At the same time, the plug should easily be removed for retubing. 
• The plug installation process should be controllable and the action of 
installing the plug should not damage the tube, tube joints, or the epoxy coatings 
applied to the tubesheet and tube. 
• The plug itself should be constructed of materials that are rated for an 
infinite life of continuous duty in the condenser environment. The plug materials 
should resist any corrosion and aging effects that might cause leakage. 
• The ideal condenser plug should not require periodic retightening and 
inspection to verify that they are leak tight. 
• The plug should resist pressure from either direction. In situations where 
previously installed plugs are leaking, or have caused collateral damage to the 
tube and tubesheet, the actual plug cost should not be a major factor. The expense 
associated with controlling persistent water leakage as a result of tube and plug 
leaks may be many times the cost of even the most expensive plug. Finally, when 
plugging tubes, be sure that tube plugs are placed at both ends of the same tube. 
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5.3 Tube Inserts: 
This is another way of bringing back into service some tubes that are 
presently plugged; using tube inserts to solve the problem of leaking tubes but it 
requires advance planning. A common practice is to use flared or flanged tube 
protectors designed to alleviate the inlet end erosion. These are either pressed into 
the tube end or cemented in with an adhesive. However, while they may 
eliminate the original inlet end erosion, they can also cause end-step erosion 
further along the tube and thus introduce a different kind of problem. These tube 
protectors also have reduced inside diameters, which can make any future 
mechanical tube cleaning more difficult. As an alternative, a new technique uses a 
metallic thin-walled shield providing a more durable solution. These shields are 
made with a chamfered outlet end, which greatly reduces the chance of end-step 
erosion. The shields are also hydraulically expanded into the host tube, thus 
structurally reinforcing it. The shields are then flared so that they conform to the 
tubesheet profile. Clearly, there must be a careful selection of the insert material 
based on the material from which the original tubes were manufactured, although 
a different insert material may sometimes be selected in order to combat a 
specific failure mechanism. These metallic shields restore tube-to-tubesheet joint 
strength, extend bundle life, have no negative effect on heat transfer, and reduce 
the tube opening by only a fraction of that associated with plastic tube inserts. 
 
5.4 Tube-End Coatings: 
An alternative approach to tube inserts for tube-end erosion/corrosion 
problems is an all-solid, nonsolvent-emitting, tube-end epoxy coating that can 
halt the erosion process. Such coatings have been used in service and cooling 
water system applications for over 15 years and have also been successfully used 
with both freshwater and seawater environments. The coatings are precisely 
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applied in three coats, each having a thickness of (0.08 mm), for a total coating 
thickness (0.24 mm). The coatings are applied to the required depth into the tube-
end, the depth usually being between (5.1 and 30.5 cm). The metallurgy of the 
tube to be coated is not significant because the coating is compatible with all tube 
materials. Each coat in the tube conforms to the tube wall and extends beyond the 
previous coat, so that a feathered termination surface is achieved. This eliminates 
the possibility of step erosion occurring in the area where the coating terminates. 
The work is usually performed during an outage and the application of the 
coating is completed with the waterbox in place. It is highly recommended that 
throughout the application process, all environmental control equipment, such as 
dehumidification and dust collection systems, are placed in full operation. The 
tube-end coating does not significantly reduce the internal diameter of the tube. 
The tube-end coating is also compatible with all on-line and most off-line tube 
cleaning methods, including metal scrapers. Another off-line tube cleaning 
method involves the use of high pressure water. Unfortunately, using water at a 
high pressure is the preferred method for removing existing coatings, so that great 
care must be taken if using it as the tube cleaning method, to ensure that coatings 
are not accidentally removed. It has been the almost universal experience that, 
when tube-end coatings are selected as the method for repairing tubes, such 
coatings are usually applied in conjunction with the installation of a tubesheet 
coating/cladding system. 
 
5.5 Full-Length Tube Liners: 
Using techniques similar to those developed for use with thin-walled 
metallic inserts, tube liners can also be inserted to cover the whole tube length. 
After cleaning the insides of the original tubes, the liner is installed. The liner is 
then filled with water, the air is bled out, and a hydro expansion pump is used to 
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expand the liner to achieve an almost completely metal-to-metal fit. After 
remaining pressurized for a short time, the pressure is released and the water is 
drained out. Subsequently, the ends of the expanded liner are cut off and milled 
flush to the tubesheet and then roller-expanded into the tubesheet to a 
predetermined wall-reduction specification. In this way, previously plugged tubes 
can be restored to active duty. However, while the tube end inserts have no 
adverse effect on heat transfer, it should be noted that full-length liners do have a 
greater impact. Since the thickness of the liner is small, any degradation in U-
coefficient is almost entirely due to the effectiveness with which metal-to-metal 
contact was achieved between liner and tube during the expansion process.  
 
5.6 Full-Length Tube Coatings: 
The advent of full-length tube coatings occurred in both Europe and Japan in 
the mid-1980s. It was introduced to protect tubing material from pitting, from 
full-length tube-wall thinning, and to prevent copper ions from being leached 
from condenser tubing directly into the circulating water. The coating material is 
applied with an average thickness of (0.05– 0.10 mm). However, the actual 
coating thickness selected has to be balanced between solving a particular 
problem and retaining sufficient tube heat transfer capability. Proper tube surface 
preparation may include washing with high-pressure water, mechanical cleaning, 
and abrasive blasting, and the coating material is then applied using automated 
spraying equipment. Again, it is highly recommended that throughout the 
application process, all environmental control equipment, such as 
dehumidification and dust collection systems, be placed in full operation. 
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5.7 Rerolling The Tube-to-Tubesheet Joint: 
It is sometimes the joint between the tube and the tubesheet leaks. When this 
occurs, one remedy is to mechanically expand the tube again, using a specially 
designed mandrel driven by an electric motor. These mandrels are provided with 
between three and five rollers; the thickness of the tube to be expanded 
determines which mandrel is selected. Care must be taken to ensure that the 
allowable wall reduction is not exceeded. 
Rerolling may solve the joint leak problem; however, it should be noted that, if 
the leak were caused by galvanic corrosion between tube and tubesheet, the 
problem might return due to the continuing degradation of the tubesheet from 
galvanic action. Also the rerolling of tubes may place stresses on adjacent tubes 
and result in their suffering tube-to-tubesheet joint leaks. Further, when rerolling 
tubes into tube sheets that have been made from a copper-bearing alloy, great 
care must be taken to avoid damaging the boreholes in the tubesheet. 
 
5.8 Coating of Tubesheets: 
Tubesheet coating has been used by the power industry for at least the past 
30 years. They started as thin-film systems (0.76 mm) and evolved into tubesheet 
cladding systems. protective coatings have been used as a means of eliminating 
water leakage when caused by tubesheet corrosion. A cladding system is (5.08 
mm) or more of an all-solid, nonsolvent-emitting epoxy coating applied to a 
tubesheet by a specialty contractor in the form of multiple coats. Abrasive 
blasting of the tubesheet is required, and the tubes must be protected from the 
blast by the insertion of blast plugs. Manufacturers recommend that epoxy 
coatings neither be subjected to high temperatures (76.6°C) nor allowed to freeze. 
If tubes mounted in tubesheets that have been treated in this way, they should not 
be plugged with tapered brass or fiber plugs. Expandable plugs are preferred 
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because they do not put pressure on the coating. Plugs should never be hammered 
into tubes in tubesheets after they have been coated. When cleaning the surface of 
the tubesheet with high pressure water, pressures in excess of (20,684 kPa) 
should never be used, nor should high-pressure water be used to clean tubes that 
have been coated internally. Finally, tube-cleaning nozzles should never be made 
from brass or some other metal but only from a soft plastic material in order to 
prevent physical damage to the epoxy coating itself  
 
5.9 Condenser Retubing : 
Dr. Sherief power station used this solution in 2008. Here Condenser tube 
leaks are the major cause for reduced unit generating capability. As previously 
mentioned, tube plugging is the preferred method for eliminating tube leaks until 
the percentage of tubes plugged has significantly impaired heat transfer capacity. 
At this point, further tube plugging reduces the condenser performance and 
capability of the unit for full power production. When this occurs, utilities 
typically consider retubing the condenser to restore performance, while also 
extending the operating life expectancy of the unit. Experience with new 
materials, new tools, and new techniques has significantly reduced water leakage 
problems due to tube leaks and has improved condenser reliability. This has 
allowed “state of the art” condenser retubing methods to advance appreciably 
over the past 10 to 15 years. Thus, in addition to the standard, one-for-one, tube 
replacement technique, modular tube bundle replacements have been very 
successful using shop-fabricated modules. Consequently, units considering 
condenser retubing are not faced with a simple decision to replace the existing 
tubes with new tubes of the same material and construction. In most cases, 
operating experience with the old condenser has also highlighted performance 
problems; the majority of which centred around water chemistry (both cooling 
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water and condensate), tube fouling, and tube wall thinning issues. Clearly, the 
design of the tube bundle replacements should take this experience into account. 
Finally, because condenser retubing represents a major capital investment, 
economic factors also weigh heavily in most retubing decisions. The industry 
trend of late has been toward replacing copper-bearing alloys with high alloy, 
pitresistant steels such as Allegheny-Ludlum 6XN and Sea Cure in addition to 
titanium. [3] These materials are significantly lighter in weight and higher in yield 
strength, but they have lower thermal conductivities than the copper-bearing 
alloys. These differences can significantly affect the performance characteristics 
of the condenser. Typically, thinner walled tubes of the same outside diameter are 
selected from these alloys in order to reduce the tube wall thermal resistance and 
compensate for the loss in thermal conductivity. This tradeoff results in a larger 
tube side flow area but lower flow velocity; the latter increases the fouling 
potential for the condenser tubes and may require the addition of an online tube 
cleaning system. The lighter overall weight of the tube bundles also results in a 
change in the condenser support loads and may increase the condenser hold-down 
requirements. 
Another consequence of retubing with one of these materials is the need for 
additional tube support plates to reduce the tendency for tubes to vibrate, in order 
to preclude the potential for brittle fracture of these high strength materials. 
Most of the concerns that should be considered in a comprehensive retubing 
evaluation are listed randomly as follows: 
• Cooling water chemistry 
• Cooling water flow capacity 
• Seasonal temperature variation 
• Seasonal unit performance with old versus new tubes 
• Unit load and capacity factors 
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• Condenser design configuration  
• Tubesheet evaluation 
• Condenser uplift evaluation 
• Current performance issues (vibration damage, air leakage, backpressure limits) 
• Condenser health (tubesheets, support plates, waterboxes) 
• Utility’s condenser experience (tube plugging, cleaning) 
• Utility’s condenser preferences (materials, maintenance techniques) 
• Economic parameters (discount rate, labour rates, replacement power rate) 
• Material availability 
• Outage window 
• Pull space 
• Load paths 
• Rigging and handling equipment 
• Complete versus partial/staged retubing 
• Modular versus tube-for-tube technique 
• Desired life of new tubes 
• Availability of online tube cleaning system 
• Ability to isolate waterboxes for online maintenance 
• Radioactive contamination level 
• Disposal options for old material 
 
5-10 Methods of correcting air in-leakage: 
When the source of an air in-leakage has been located, it should be 
corrected. However, good judgement has to be exercised when determining how 
to conduct the repair and how permanent to make it at that time. Much will 
depend on the severity of the leak; but, if the leak can be reduced to an acceptable 
level without taking the unit out of service, this may be more important to plant 
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management than providing a more permanent solution immediately, allowing 
this to be delayed until a future planned outage. Methods for correcting the air in-
leakage will, of course, depend on the nature and location of the leak, these 
methods fall into four major categories: 
 
5-10-1 Piping Repair or Replacement: 
This method is used in Dr. Sherief power station and applied by the 
maintenance engineers. Good pipefitting practice will determine how to repair or 
replace piping or pipefittings through which air is leaking into those areas of the 
condenser and turbine system that operate under subatmospheric pressures.  
 
5-10-2 Sealants: 
Another method used in Dr. Sherief power station and applied by the 
maintenance engineers. Many commercial sealants are available for correcting 
sources of air leakage; the selection depends on the manner in which they have to 
be applied, their viscosity during application, and the temperature conditions 
under which they eventually have to operate. It is important that materials that 
retain their flexibility at ambient temperatures and that they do not harden and 
become brittle when their temperature is raised. In this respect, the use of sealants 
made from silicone-based materials is to be preferred. ref (3)  
 
5-10-3 Component Repair and Replacement : 
Welding or brazing of the component may is possible and is performed 
while the unit is still on-line. However, if parts have to be removed for 
machining, if there is a need to manufacture new parts in the maintenance, or if a 
replacement component supplied by the manufacturer must be mounted in place, 
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it is possible that the unit will need to be taken out of service temporarily while 
the work is performed.  
 
5-10-4 Packing Adjustment: 
Leaking packing on valves or the seals on rotating shafts of small equipment 
may often be replaced without shutting the unit down. This is especially true if 
redundant backup equipment can be brought into operation, so allowing the faulty 
equipment to be taken out of service temporarily for repair without affecting the 
operation of the unit. 
Adjusting the packing or gaskets between more major components is difficult to 
perform on-line, unless the application of a sealant at the interface can provide 
the solution. Otherwise, the replacement of packing or gaskets between machined 
surfaces usually requires that the bolts be removed before the packing can be 
replaced and normally involves the unit being taken out of service. 
 
5-11 Protection from corrosion: 
Cathodic protection is employed to overcome this problem. Sacrificial 
anodes of zinc (being cheapest) plates are mounted at suitable places inside the 
water boxes. These zinc plates will get corroded first being in the lowest range of 
anodes. Hence these zinc anodes require periodic inspection and replacements. 
This involves comparatively less down time. Then an impressed current cathodic 
protection system and epoxy waterbox coating must be installed to prevent 
galvanic corrosion of the carbon steel waterbox in Dr. Sherief power station. This 
cathodic protection system included local alarm indication, to alert plant 
operating staff of any system malfunction.   
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Chapter 6 
Conclusion and Recommendations 
6-1 Conclusion 
 
Through the history of trips and unplanned outages in Dr. Sherief power 
station, the registered problems by the efficiency and planning department were 
condenser tube failure, condenser tube fouling, condenser vacuum, Boiler 
contamination, Condenser water level and Condensate system. A detailed  study 
and analysis of all this problems which affecting condenser performance was 
executed. And the research concludes that the main causes of this problems were: 
• The monitoring and diagnostic system is obsolete 
• Tube and tubesheet were corroded 
• Tube fouling was presented   
The suggested solutions for these problems were: 
• The monitoring and diagnostic system needs  to be updated by 
mounting an on line circulating water flow and fouling (CWFF) 
instrument and On-line Dissolved Oxygen analyzer (DO) 
• Cathodic protection device is necessary to prevent condenser tube 
and tubesheet corrosion  
• Install a backwash system for the condenser  
• Carry out routine periodic condenser performance testing  
• Cooling water pumps performance must be checked by measuring 
the pressure and flow rate and compare it with the ideal pump 
•  Install measurement device for the air ejector discharge for 
measuring the flow rate and temperature 
 
 76
 
6-2 Recommendations   
 
 
Further studies in problems affecting condenser performance in Dr Sherief 
power station are recommended to be concentrated in how to improve condenser 
vacuum system and air ejector performance by adding lliquid ring vacuum pumps 
(LRVPs) which are the most common form of mechanical pump used in air 
removal systems for steam surface condensers   
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